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Abstract 
The research was purposed to produce environmentally friendly biomass pellets as syngas fuel. The produced pellets dimension 
is 18 mm to 25 mm (length) and 4.5 mm (diameter). The best pellets made from single material is palm shell pellets with 
gasification time of 85 min · kg–1 biomass. The best pellets made from material mix is sugarcane bagasse and palm shell pellets, 
with similar gasification time. The palm shell pellets met the standard except for ash content.  Pellets made from mixed material 
have less caloric value.  Emissions test on gasification process has passed the emissions quality standard. 
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Nomenclature 
hp    horse power 
h               hour 
min           minute 
kg ∙ h-1      kilogram/hour 
kg ∙ m-3     kilogram/cubic meter 
kJ ∙ kg-1    kilojoule/kilogram 
mg ∙ kg-1   milligram/kilogram 
mg ∙ m-3   milligram/cubic meter      
MWe    MegaWatt equivalent 
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1. Introduction 
 Industrial sector dependence on fossil energy/ petroleum, and petroleum energy price fluctuations become an 
obstacle for the development of the industry. This dependence will also affect the energy requirements for the 
transport sector, household energy, and electrical needs of agricultural machinery. Potential renewable energy  has 
good prospect to be utilized owing to their  availability,  higher energy needs for  economic growth as well as  which 
will increase the need for energy and purchasing power and would be private investment on the construction 
industry, and the potential energy markets nationally, regionally and internationally [1]. The biofuel economy will 
grow rapidly during the 21st century. Its economy development is based on agricultural production and most people 
live in the rural areas. In the most biomass-intensive scenario, modernized biomass energy contributes by 2050 
about one half of total energy demand in developing countries [2]. 
 Biomass is a term used for all organic materials produced from plants (including algae, trees and crops), includes 
all land and water-based vegetation, as well as all organic wastes. Biomass is derived from the reaction of CO2 in 
the air, water and sunlight, via photosynthesis, to produce carbohydrates that form the building blocks of biomass. 
Typically, photosynthesis converts less than 1 % of the available sunlight to stored chemical energy [3].Biomass 
from agricultural byproduct such as corn waste (corncobs, stalks and corn leaves), peanut shell waste, soybean 
stover, palm biomass waste (shell, fiber, empty fruit bunches (EFB), stem, palm midrib, and POME), and sugarcane 
bagasse can be used as an alternative fuel. All petroleum-based fuels can be replaced by renewable biomass fuels 
such as bioethanol, bio-diesel, bio-hydrogen, etc., derived from sugarcane, corn, switch grass, algae, etc. [4].  
Biomass can be converted into liquid and gaseous fuels through thermochemical and biological routes. Biofuel is a 
less-polluting, locally available, accessible, sustainable and reliable fuel obtained from renewable sources [5]. 
Biofuels from biomass have already commercialized in the world market in pure or blended form with gasoline and 
diesel and has proved its potential to reduce fossil fuel dependency and green house gas emissions reduction.  
Notwithstanding those benefits, high production cost and limited supply prevent it from replacing the fossil fuel 
completely [6]. 
 Biomass utilization as an energy source has not been much done extensively. The use of biomass directly as a 
fuel without treatment, such as in boilers or direct combustion for domestic energy purposes, has caused 
environmental pollution problems [7]. The use of biomass has not been fully utilized and it was only used for 
composting, landfill, and mulch [8]. Unlike in other countries, research and application of biomass as pellets in 
Indonesia is still not widely practiced. Renewable energy potential consists of geothermal, micro- hydro, solar 
power, wind power, biogas and biomass. Available renewable energy data shows the potential as much as 236 373. 
58 MWe, while the total usage is only 8.34 % of the potential. Biomass energy potential is equivalent to 49 807 
MWe, while the usage is as low as 0.36 % of the potential [9].  Biomass from agricultural wastes with high calorific 
value can be used as alternative fuel.  The chemical energy content or heating value is an important parameter when 
considering energy and fuel applications for different biomass species and types. The higher the carbon content, the 
greater the energy value [10]. Direct combustion of biomass as fuel in existing combustion systems produce 
combustion products that deliver environmental pollution.  Thermal efficiency of biomass burning results so far are 
low, as the heat generated from many systems still flowing into the environment (heat loss). The thermal efficiency 
can be improved so that the resulting energy flow more efficiently. Pellet production with various types of 
agricultural biomass may produce pellets with maximum calorific values. There is a need to study which biomass 
pellets mixture resulting in high calorific value as well as producing low emissions. 
      Gases produced from combustion (gasification) process can be used for heating (stove) as well as for drying of 
agricultural products. The purpose of this study is to produce biomass pellets from Indonesian agricultural 
byproducts as syngas fuel and to test its emissions. 
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2.  Materials and methods 
2.1.  Materials 
Materials used in this study are corn waste, peanut shell, soybean Stover, palm shell and sugarcane bagasse. The 
chemicals used are binding agents (tapioca starch) and used cooking oil. 
2.2  Methods 
2.2.1 Pellet production 
Pellet production comes in two forms, namely pellet composed from single material and pellet composed from 
mixed materials. The materials were formed with tapioca starch and used cooking oil.  For the mixed materials 
pellet, the composition ratio among is 90 % biomass (two biomass materials, each  45 % ), 5 % tapioca starch, and 5 
% used cooking oil. For the single pellet the composition was 90 % biomass, 5 % starch, and 5 % used cooking oil. 
Size reduction of the biomass material is done to obtain proportional size to conform to the pellets forming and 
combustion (gasification). Material mixing is done with a mixer in order to homogenize the biomass materials, so 
that the produced pellets will have a uniform energy content after (gasification) [11]. Addition of the ingredients in a 
mixing technique begins with macro material (high number of kilograms) to the material microstructure (number of 
milligrams). Pelletizing was intended to produce a biomass fuel in pellet form with different sizes (dimensions),   2 
cm long and 3 mm to 5 mm diameter. The production capacity of pelletizer is 200 kg ∙ h-1 with 10 hp engine.  
2.3.  Gasification 
Biomass gasification means incomplete combustion of biomass to produce  combustible gases which consist of 
Carbon monoxide (CO), Hydrogen (H2) and traces of Methane (CH4) [12]. Gasification process is conducted using 
updraft gasifier. The height and diameter of the gasifier are 60 cm and 48 cm respectively. The maximum capacity 
of the gasification is 10 kg biomass pellets. The gasification process means to break complex molecule bonds into 
simple ones, i.e. hydrogen gas and carbon monoxide (H2 and CO). Both of these two gases are flammable gases and 
have higher energy density [13]. Figure 1 shows the gasifier unit used during the experiment: 
 
 
Fig 1.Gasifier unit 
During the gasification process, biomass pellet is fed from the top and burnt in the gasification chamber while fresh 
air was flowed using a fan through fresh air inlet where the fresh air flow rate is controlled using a valve. Within the 
Description: 
1. Fan 
2. Fresh air inlet 
3. Frseh air valve 
4. Fresh air inlet 
5. Gasification 
chamber 
6. Gasifier Cover 
7. Syngas outlet 
8. Syngas valve 
9. Perforated  plat 
10. Syngas for 
drying 
11. Syngas for 
cooking 
12. Liquid smoke 
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gasifier , the air reacts with biomass to produce synthetic gas (H2 and CO). The produced syngas is flowed through 
the outlet and controlled with syngas valve and separated to two pipes, to be ignited for drying and cooking.  
2.4  Measurements 
Measurement is done to measure gasification time or burn duration of synthetic gas which is used for heating 
(drying) and cooking. This measurement are carried out for all pellet produced (single and mix materials type).  
2.5  Emission test 
The gasification and emission testing are conducted for all produced pellets. Emission tests are based on The  
Ministry of Environment Decree regarding Emission Standard for Stationary Sources No Kep-13/MENLH/3/1995 
dated on March 7th 1995  which covering NH3 , Cl2 , HCl , HF , NO2 , particle, SO2 and H2S parameters. These 
guidelines are designed to ensure standardization of test requirements, test standards regarding equipment and 
competence of persons intending to perform emission tests.  
3. Results and discussion 
3.1.  Pellet quality 
 
Manufacturing process of fuel pellets involves placing ground biomass under high pressure and forcing it through 
a round opening called a “die.” When exposed to the appropriate conditions, the biomass “fuses” together, forming a 
solid mass. This process is known as “extrusion.” Some biomass naturally forms high-quality fuel pellets, while 
other types of biomass may need additives to serve as a “binder” that holds the pellet together [14].Making the first 
pellet biomass once done with a single material. The making of a single raw material pellet raw means to facilitate 
the utilization of locally available biomass raw materials as pellet. Production of single material biomass pellet is 
done by adding starch as a binder and cooking oil as a lubricant for pelletizer machine. Table 1 shows the results of 
a single ingredient formulations of biomass pellets. Biomass materials used during the experiment are palm shell, 
sugar cane bagasse, corn waste, soybean stover , and paddy straw.  The best pellets (single material type) found to 
be the one made from palm shell with 5 % each addition of starch and used cooking oil.   The produced pellets are 
relatively stronger, shiny, and produced greater amount of pellets compared to other materials. The pellets measure 
from 18 mm to 25 mm long and   4.5 mm in diameter. 
 
 
Table 1. Single materials biomass pellets specification 
* International Pellet Standard DIN 51731  (Germany) 
 
The pellet production with two biomass mixture is based on the material characteristics and properties, using     
50 % : 50 %  weight ratio and (each)  5 % starch and cooking oil  as additives. Sugarcane bagasse is known to 
contain fewer  lignin than palm shell,  but the sugarcane bagasse contains higher fiber  which also serves as a natural 
binder. Table 2 shows the specifications of the biomass pellet mixture compared to international standards DIN 
51731(Germany)[15].  
 
 
Sample Bagasse Palm shell Soybean stover 
Paddy 
straw Corn waste 
Standard DIN 
51731 
Parameter Unit Result  
Length mm 23 25 20 15 15 < 50 
Density kg ∙ m-3 1 078 1 052 1 019 890 990 1 000 to 1 400 
Diameter mm 4 4,5 3,5 3 3 4 to 10 
Moisture % 9.5 8.9 8.5 9.8 7.41 < 12 
Ash % 5.10 5.39 5.37 18.51 1.30 < 1.5 
Caloric value kJ ∙ kg-1 16 491 17 869 16 528 14 720 16 312 17 500 to 19 500 
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        Table 2. Specification of biomass pellet from mixed biomass 
Sample 
Bagasse +  
Palm shell 
 
Corn waste 
+ 
Palm shell 
Palm shell  
+ 
Soybean stover 
Paddy straw 
+ 
Corn waste 
Paddy straw 
+  
Bagasse 
Standard  
DIN 51731 
Parameter Unit Result  
Length mm 25 25 20 18 18 < 50 
Density kg ∙ m-3 1 065 1 021 1 036 940 984  < 50 
Diameter mm 4.5 4.0 4.0 3 3 4 to 10 
Moisture % 8.58 8.40 9.89 8.89 8.68 < 12 
Ash % 5.25 3.30 5.38 10.5 9.5 < 1.5 
Caloric 
value kJ ∙ kg
-1 17 100 17 269 17 128 15 720 16 312 17 500 to 19 500 
      * International Pellet Standard DIN 51731 (Germany) 
 
Compared to the standard DIN 51731, it  seem that all biomass waste has ash content  below   the threshold 
requirement,  except for the corn biomass waste, even though the corn biomass waste has  lower calorific value 
compared to others. As far as calorific value is concerned, palm shell biomass is the only one which met the 
requirement as well as having the hardest texture compared to other biomass used in this experiment. The corn 
waste meets the ash content requirements of the ash content but has a low calorific value. To lower the ash content 
and raising the calorific value of biomass feedstock, mixing was carried out. Not all of the mixing result   meeting 
the requirements of DIN Standard 51731. 
 
3.2. Gasification and measurement 
 
Experiment on gasification and testing on emission have been conducted on all produced pellets.  Gasification of 
1 kg of biomass pellets, characterized by shining/pretty shining appearance, was capable of producing synthetic gas 
(syngas) for cooking and drying for one hour and fifty minutes.. In these conditions, the H2 gas resulted is higher 
than the rest and gasification processes have been perfect. Table 3 shows the results of burn duration each biomass 
pellet produced.   
 
              Table 3. Burn duration of biomass pellet (single material) 
No Sample Appearance Texture Burn duration Result 
1 Bagasse  shining strong 85 min ∙ kg
-1 
 
2 Palm shell very shining strong 
85 min ∙ kg-1 
 
 
3 Soybean Stover 
Pretty shining 
 
strong 
60 min ∙ kg-1 
 
 
4 Corn waste not shining pretty fragile 
60 min ∙ kg-1 
 
 
5 Paddy straw not shining pretty fragile 
60 min ∙ kg-1 
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                 Table 4. Burn duration of biomass pellet (mixture pellet) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.3. Emissions test 
 
Emissions test were conducted to evaluate the emissions released as a result of the gasification process for both 
single and mix biomass pellets.  The emission test was very important to verify or produce low emission pellets. 
Emission test resulted include NH3, Cl2, HCl, HF, NO2, particles, SO2 and H2S for biomass pellets with a single 
biomass shown in Table 5, while for the biomass mixture is shown in Table 6. Based on this tables it was concluded 
that the emissions produced from the gasification of biomass pellets either single or mixture meet Emission Standard 
set by the Decree of the Minister of Environment No.Kep-13/MENLH/3/1995 Date March 7, 1995 on Standard 
Emission Sources. The CO and CO2 levels for pellets with a single basic ingredients and mixed ingredients shows 
the value of < 0.0001 mg ∙ kg-1 for all treatments. These experiments revealed that gasification process of biomass 
pellet without create air pollution. This condition referred to all quality parameter of emissions with the value below 
standard requirements.  
 
 
 
 
 
 
No Sample Appearance Texture Burn duration Result 
1 
Bagasse 
+ 
Palm shell 
shining 
 
Strong 
 
85  min ∙ kg-1 
 
 
2 
Corn waste 
+ 
Palm shell 
not shining 
 
Pretty fragile 
 
60  min ∙ kg-1 
 
 
3 
Palm shell 
+ 
Soybean stover 
shining 
 
Pretty strong 
 
85  min ∙ kg-1 
 
 
 
4 
Paddy straw 
+ 
Corn waste 
not shining 
 
strong 
 
60  min ∙ kg-1 
 
 
5 
Paddy straw 
+ 
Bagasse 
pretty shining strong 85  min ∙ kg-1 
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Table 5. Emission test of pellet (single biomass) shown below 
Sample Bagasse Palm shell Soybean Stover Corn waste Paddy straw 
Emission standard 
for stationary 
sources * 
Parameter Unit Result 
NH3 % < 0.007 < 0.007 < 0.007 < 0.007 < 0.007 0.5 
Cl2 0.01.mg ∙ g-1 < 0.03 < 0.03 < 0.03 < 0.03 < 0.03  10 
HCl 0.01 mg ∙ g-1 0.0001 0.0008 0.0001 0.0001 0.0001 5 
HF 0.01 mg ∙ g-1 < 0.29 < 0.29 < 0.29 < 0.29 < 0.29 10 
NO2 mg ∙ m-3 < 0.004 < 0.004 < 0.004 < 0.004 < 0,004 1 000 
Particle mg ∙ kg-1 0.002 0.005 0.062 0.002 0.002 350 
SO2 mg ∙ kg-1 < 0.02 < 0.02 < 0.02 < 0,02 < 0.02 800 
H2S mg ∙ kg-1 < 0.002 < 0.002 < 0.002 < 0,002 < 0.002 35 
CO mg ∙ kg-1 < 0.0001 < 0.0001 < 0.0001 < 0,0001 < 0.0001 - 
CO2 mg ∙ kg-1 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 - 
* Based on Minister of Environment Decree No. Kep-13/MENLH/3/1995 regarding Emission Standard for Stationary Sources 
 
 
 
Table 6. Emission test of pellet (two biomass) shown below 
Sample Bagasse +  palm shell 
Corn waste 
+ 
palm shell 
Palm shell + 
soybean Stover 
Paddy straw 
+ 
corn waste 
Paddy straw 
+  
bagasse 
Emission 
standard for 
stationary 
sources * 
Parameter Unit Result 
NH3 % < 0.007 < 0.007 < 0.007 < 0.007 < 0.007 0.5 
Cl2 0.01 mg ∙ g-1 < 0.03 < 0.03 < 0.03 < 0.03 < 0.03 10 
HCl 0.01 mg ∙ g-1 0.0002 0.0001 0.0001 0.0001 0.0001 5 
HF 0.01 mg ∙ g-1 < 0.29 < 0.29 < 0.29 < 0.29 < 0.29 10 
NO2 mg ∙ m-3 < 0.004 < 0.004 < 0.004 < 0.004 < 0.004 1 000 
 
 
Particle mg ∙ kg
-1 0.08 0.12 0.13 0.05 0.08 350 
SO2 mg ∙ kg-1 < 0.02 < 0.02 < 0.02 < 0.02 < 0.02 800 
H2S mg ∙ kg-1 < 0.002 < 0.002 < 0.002 < 0.002 < 0.002 35 
CO mg ∙ kg-1 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 
 
 
- 
CO2 mg ∙ kg-1 < 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 - 
* Based on Minister of Environment Decree No. Kep-13/MENLH/3/1995 regarding Emission Standard for Stationary Sources 
 
4. Conclusion  
Biomass from agricultural byproducts or wastes can be converted into synthetic gas (H2) to produce heat energy.  
Biomass pellets can be produced from a single or mixed materials. The best pellets (of single material) is produced 
from palm shell with gasification time of  85 min ∙ kg-1 biomass pellet, and also from biomass mixture composed 
from sugarcane bagasse and palm shell with similar gasification time. The results of emissions test on gasification 
meet the emissions quality standard. 
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